Introduction: According to the literature, children's overall reactivity to stress is associated with their socioeconomic status and family environment. In turn, it has been shown that reactivity to stress is associated with cognitive performance. However, few studies have systematically tested these three constructs together.
Introduction
Theories have posited stress as a mechanism through which socioeconomic status (SES) and family environment exert their effects on cognition. 1 However, few studies have systematically tested these determinants together. 2, 3 The main aim of this study was to address this gap in the literature by testing these variables in a single model that considers the direct effects of family environment on stress reactivity and on cognitive performance and investigates how stress is related to the results of cognitive assessments.
Children are exposed to vulnerabilities when their families cannot satisfactorily fulfill the basic tasks of socialization and provide them with adequate support in terms of nutrition, education and health care. 4 When family dysfunction occurs at key stages of development, such as during early childhood, children are at a higher risk of delayed development. 5, 6 Parental care, in particular the discipline imposed by parents, verbal communication and parents' concern with the emotional needs of their children, appear to mediate (at least partially) the effects of socioeconomic status on children's emotional and cognitive development, especially at this stage of life. 4, 7, 8 Quality interactions between parents and children are associated with resilience in children living in stressful and impoverished environments. 4 In fact, clinical programs designed to improve parenting practices in poor families at high risk of vulnerabilities improve children's behavioral, cognitive and health indicators, [9] [10] [11] demonstrating that the quality of the environment in which children live is crucial to the quality of their development.
Adverse environmental conditions such as low SES can be related to higher levels of stress 12 and greater irritability, depression and anxiety in the parents, which impairs interactions between parents and children. [13] [14] [15] For example, maternal depression is associated with poorer cognitive performance in children, [16] [17] [18] [19] especially deficits in working memory and executive functions.
20,21
Additionally, high levels of stress-related hormones have a direct effect on children's neurodevelopment.
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For example, high levels of cortisol are associated with damage in the hypothalamus and prefrontal areas 23 and impaired memory and executive functioning. 24 The impact of SES on working memory during childhood development seems to be mediated by stress levels. [25] [26] [27] [28] Based on empirical studies, some authors 29, 30 suggest multifactor models to explain the complex relationship between SES and children's cognitive development.
These models include interactions between family environment and behavioral, cognitive and biological aspects of children's development. According to a model proposed by Noble et al., 29 family SES has a negative relationship with stress levels. It has been observed that the lower the SES, the higher the peripheral levels of proteins related to response to stress (cortisol and catecholamine). 31 In fact, interactions between parents and children and mothers' mental health can influence the physiology of children's response to stress, for example hypothalamic-pituitary-adrenal (HPA) axis activity. 32, 33 There is therefore evidence that these stressors affect parenting practices and the linguistic environment. In families with low SES, parents can be less consistent in their parenting practices and less involved in their children's studies and activities, which, in turn, is associated with behavioral and cognitive problems in childhood. 34, 35 These multifactorial models seem to offer a very good explanation for how SES and family environment affect cognitive performance, but there is little empirical data to support these theories. The objective of this study was to investigate associations between variables related to the family environment (SES, maternal mental health, and family environment) during childhood, salivary cortisol measures and performance on measures of memory and executive functioning.
Method Participants
The sample comprised 70 children and their parents, recruited from a low-income community in a city in southern Brazil by convenience at birth and followed to school age. 34 and (B) school age (M age = 9.87; SD = 0.41 years).
Additionally, 51.4% (n = 36) of the children were girls, students in the 2nd to 5th grades at public schools. The families were predominantly classed as low SES. Table 1 lists descriptive data for the sample.
Instruments and procedures
All guardians signed informed consent. 
Sociodemographic and clinical evaluation

Stress evaluation
We collected salivary cortisol at two different time 
Results
The characteristics of the sample are listed in Table 1 .
Most families were from low SES backgrounds (91.2%), with SES characterized by family income. It was found that 19% of the mothers had symptoms of mental illness (SRQ-20) during their children's early childhood, rising to 32% when their children were school age. Additionally, 26% of mothers reported depressive symptoms at both stages of the study.
Family environment vs. cognitive performance
Exploratory analyses were performed to test 
Family environment vs. stress
There was no significant difference between cortisol measures in the morning and the afternoon (cortisol pretest: t 68 = 0.53, p = 0.59; cortisol posttest: t 68 = 0.69, 
Discussion
This study related aspects of the family environment to a stress response mechanism in children. Cortisol levels were expected to increase in response to the stress caused by cognitive tasks (due to the progressive cognitive challenge). 43 We found that the higher the mother's psychopathology assessment score as tested during her child's early childhood, the higher the child's cortisol levels at school age before the cognitive challenge.
Regarding the family environment, the higher the degree of family dysfunction, the higher the child's cortisol levels after cognitive testing, which suggest that children from maladaptive environments have differences in reactivity to stress. Cortisol levels are related to aspects of family environment, 47 20 for example, showed that maternal depression in the mothers of two-year old children was a predictor of performance in executive function tasks (inhibitory control) and working memory four years later, which is similar to the findings observed in the present study. Depressed mothers are less likely to respond to their children's stimuli (both by actions and vocalizations) or to get involved in interactive activities, which may impact their verbal skills. 59 Furthermore, early chronic stress and family dysfunction affect the child's development process, producing a cascading effect, in which child maladaptation to the hostile environment also contributes to family dysfunction and parents' psychopathology, 60 creating a cycle of maladaptation that is maintained (or gets worse) over time. 61 The data from this study corroborate evidence from previous studies on the existence of a relationship between memory deficit and increased stress in children. [62] [63] [64] [65] Stress affects skills that require a conscious effort in information processing, reducing cognitive efficiency. 65 With regard to acute stress, the reduced cognitive efficiency could be considered an adaptive 
Stress vs. cognitive performance
We conducted an analysis of repeated measures to investigate the differences between cortisol levels measured before and after cognitive testing. Intra- 
Family environment, stress and cognitive performance models
Finally, a hierarchical multiple regression was performed, including environment variables assessed in early childhood (step 1) and at school age (step 2), change in child's cortisol levels (step 3) and IQ (step 4) as independent variables and treating performance in cognitive tasks as dependent variables. Table 2 only lists results that were statistically significant. As can be Step 4 neuropsychological systems differently. We know that memory (episodic, working and semantic) and executive functions 3, 34, 76 are more susceptible to influence from the environment and stress due to their complexity and prolonged development. 26, 77 We can assume that income is important because it limits the conditions for stimulation, nutrition and housing and access to better schools and to materials and activities that favor cognitive development. 78 Family functioning is relevant since it affects parenting style and how families deal with stressful situations. 79 Maternal mental health influences the way that mothers take care of their children and the extent to which they are able to get involved in their activities. All of these factors interact dynamically and it is not any one of them in isolation that can explain the effects on children's development, rather the sum of all of them produces a unique contribution in each case. 61 The results of this study provide evidence for theorists who wish to attempt to explain the association between environment and performance in cognitive tasks, through mediation by family and stress factors. 29, 80 This is a pioneering study in Brazil that has related early childhood factors with the results of memory and executive function assessments in school-age children. Knowledge in this field may support interventions in the public health system designed both to improve the quality of life of the population and to prevent cognitive deficits, through providing assistance to poor families, for example.
Interventional studies have shown that improvement in the quality of family environment has a positive impact on people's health status, reducing inflammatory processes for example, 49 and improves their emotional and cognitive development. [9] [10] [11] Therefore, the present study provides information on the living conditions of a population that should benefit from improvements in the healthcare system of the community represented by this sample, based on the needs indicated by studying that sample.
process to compensate for the increased automatic processing effectiveness when potentially negative and threatening events occur. 66 However, prolonged stress may cause overactivation of this mechanism, resulting in impairment of cognitive functioning.
Evidence from studies on explicit memory suggest that information retrieval processes are particularly susceptible to the adverse effects of stress and increased cortisol levels, while consolidation processes can be impaired by stress. [67] [68] [69] There is also evidence that stress has a direct effect on development of children's brains, 52 affecting their operation 70 and reaching prefrontal regions that are related to self-regulation and attention. 71 Inhibitory control, which concerns ability to inhibit competitive responses, is related to self-control (self-regulation) and is susceptible to environmental influences. 20 Low SES during childhood is linked with family dysfunction and, consequently, to poor self-control in adulthood, and is also associated with perceived stress. 49 Another aspect that relates both to maternal mental health and to family environment is family income, prone to health problems, in addition to being exposed to pollutants and violence, 15 which have a direct impact on their cognitive development and general health.
Limitations of the study include the relatively small size of the sample and the particular characteristics of the participants. There is a degree of homogeneity to the sample in terms of SES (predominantly low SES) and the children assessed study at schools on the outskirts of city where there is a high incidence of psychopathologies among parents and children and this may have affected the results, since we do not have children from high SES families for comparison. Additionally, although widely used, cortisol levels measured in saliva, blood or urine can be highly variable because they are likely to be affected by several factors that may occur shortly before sampling. 75 
Conclusion
As we report in this study, different factors of the family environment affect performance in certain
